Abstract: Ovarian low-grade serous carcinoma (LGSC) and high-grade serous carcinoma have distinct molecular profiles, clinical behaviors, and treatment responses. The survival advantage for patients with low-grade carcinoma compared with patients with high-grade histology remains controversial. We retrospectively reviewed the medical charts of 381 patients with ovarian serous carcinoma at Peking Union Medical College Hospital from 2007 to 2010. Patients were classified into two groups according to MD Anderson two-tier system: 35 (9.2%) cases with LGSC and 346 with high-grade serous carcinoma. Patients with low-grade serous ovarian cancer had a significantly younger age at diagnosis (46 versus 56 years, P=0.046), and their median progression-free survival (PFS) and overall survival values were 35.0 and 54.0 months, respectively. A multivariate analysis showed that, for serous ovarian cancer, the histological grade was a significant prognostic factor for PFS but not for overall survival (P=0.022 and P=0.0566, respectively). When stratified by the existence of a residual disease, patients with low-grade disease who underwent cytoreductive surgery without macroscopic residual disease (.1 cm) had a significantly improved median PFS time (36.0 months) compared with that of patients with high-grade carcinoma who received optimal cytoreductive surgery (16.0 months, P=0.017). Conversely, patients with low-grade and high-grade carcinoma who were left with macroscopic residue (.1 cm) experienced a similarly shorter median PFS (10.0 and 13.0 months, respectively, P=0.871). The International Federation of Gynecology and Obstetrics stage and residual disease were significant prognostic factors of low-grade carcinoma, while positive ascites was associated with a worse PFS value. Our data showed that LGSC is a different entity from high-grade carcinoma and that LGSC was associated with improved PFS after optimal cytoreductive surgery but not suboptimal operation.
Introduction
Ovarian cancer is ten times less frequent than breast cancer, but it is associated with significantly more deaths. Approximately 75% of patients with epithelial ovarian cancer present with advanced (stage III-IV) tumors and experience recurrence after the standard treatment; most of these patients ultimately die of the disease. 1 Currently, epithelial ovarian cancer is no longer considered to be a homogeneous disease worldwide; rather, it is recognized as a group of diseases that can be classified based on distinctive morphologic and molecular genetic features. 2 Serous adenocarcinoma (SAC) is the most common histotype of epithelial ovarian cancer. Moreover, its low-and high-grade subtypes can be classified into two distinct types of ovarian cancer according to Kurman's dualistic model. A growing body of research demonstrates that significant differences exist in the molecular and clinical characteristics of low-grade and high-grade serous carcinomas. Low-grade serous carcinoma (LGSC) represents less than 10% of all cases of serous ovarian carcinomas. LGSC tends to be confined to the ovary and to behave in an indolent manner, most likely arises in a stepwise way from borderline tumors, and has a few copy number abnormalities but exhibits activating mutations of Ras, Raf, and PTEN genes. High-grade serous carcinoma (HGSC) is characterized by more aggressive behavior. Most HGSCs have mutations in the p53 gene, and 40% also show mutations or epigenetic alterations in BRCA genes. 4, 5 Several studies have demonstrated that LGSC is associated with better prognoses than other forms of serous ovarian cancer. 6, 7 Despite these data, several reports suggest that women with the low-grade disease exhibit chemotherapy resistance and remain at high risk for recurrence and cancerrelated death. 8, 9 Furthermore, few studies concerning the characteristics of or prognoses associated with LGSC have been conducted in Asian populations. Thus the survival outcome of LGSC is still controversial. Moreover, few comparison studies stratify serous cancer based on the two-tier MD Anderson Cancer Center (MDACC) system, which was proposed by Malpica in 2004 to counter the traditional threetier Shimizu-Silverberg system. [10] [11] [12] This grading system subdivides tumors into low and high grade, based primarily on the assessment of nuclear atypia, with mitotic rate used as a secondary feature. It has been used in the MDACC for more than 15 years, was successfully validated in follow-up studies, and was shown to be easy to learn and highly reproducible among general and gynecologic pathologists.
This cohort study retrospectively reviewed the medical files of patients with LGSC and those of high-grade controls at Peking Union Medical College Hospital, a tertiary teaching hospital in the People's Republic of China, from 2007 to 2010. Additionally, the two-tier MDACC system was used to discriminate the two subtypes. We sought to determine the prognostic value of clinicopathological variables among women with low-grade serous ovarian cancer and to compare the outcomes between those with low-grade and high-grade disease.
Patients and methods
We retrospectively reviewed the medical charts of patients with epithelial ovarian cancer who were treated and received complete surgical staging or cytoreductive surgery at the Division of Gynecological Oncology within the Department of Obstetrics and Gynecology at Peking Union Medical College Hospital, Peking Union Medical College, People's Republic of China. This study included 381 patients with ovarian serous carcinoma who were admitted between January 2007 and December 2010. Moreover, this study obtained the University Institutional Review Board approval from Peking Union Medical College and all participants provided written informed consent. All patients with stage I and II tumors received completed staging surgery; women with advanced (stage III and IV) cancer underwent optimal cytoreduction, except those with unresectable tumors who received suboptimal cytoreductive surgery (CRS). All women received adjuvant chemotherapy containing platinum and taxane after primary surgery. Carboplatin was calculated as the area under the curve =6, and cisplatin was administered at 75 mg/m 2 . Paclitaxel was administered at 175 mg/m 2 . The follow-up time ranged from 11 to 82 months. The follow-up assessments of the patients consisted of a clinical examination, a blood test to determine tumor markers (carbohydrate antigen (CA)125, carcino-embryonic antigen (CEA), and CA199), and imaging studies including ultrasonographic scan and computed tomography (if necessary). After completing primary treatment (surgery and chemotherapy, if necessary), patients were examined every 3 months for the first 2 years, every 6 months for the next 3 years, and yearly thereafter. Recurrence was defined as a clinical relapse based on the National Comprehensive Cancer Network ovarian cancer guidelines. Progression-free survival (PFS) was calculated as the number of months from the completion of primary treatment to the date of clinical recurrence. Overall survival (OS) was defined as the number of months from the completion of primary treatment to the date of death.
Two senior pathologists at our hospital reviewed all pathology slides. A third reviewer evaluated any discordance. The pathologic diagnosis of low-grade and high-grade serous adenocarcinoma was made based on the MDACC two-tier system. This system is based primarily on the assessment of nuclear atypia, with mitotic rate used as a secondary feature.
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Tumors with mild-to-moderate cytologic atypia were designated as low-grade, whereas tumors with marked cytologic atypia were designated as high-grade ( Figure 1 ). Grade 2 SAC in the conventional grading system corresponds to a high grade in the MDACC two-tier system. 12 For statistical analysis, patients were classified into low-grade and high-grade groups using the MDACC twotier system. We also analyzed median age and menopausal status at diagnosis of ovarian cancer, the Eastern Cooperative Oncology Group performance status, the distribution of the International Federation of Gynecology and Obstetrics 
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a survival analysis of ovarian low-grade serous carcinoma (FIGO) stage, the peritoneal cytology and the presence of residual disease after primary surgery in the two groups. The FIGO stage categories were defined as early (stages I to II) or advanced (stages III to IV).
Between-group statistical analyses of the clinicopathological variables were performed using chi-squared tests. The Kaplan-Meier method was used to calculate the distribution of patient survival. The Cox proportional hazards model was used for multivariate analyses of the prognostic value of the clinical variables. Throughout the analyses, the level of 5% was used to denote significance. SPSS 20.0 (IBM Corporation, Armonk, NY, USA) was used for all analyses.
Results

Patients
Between January 2007 and December 2010, 381 patients with primary SAC were enrolled in our study. The reviewers showed high consistency in their evaluations using the 2-tier system, with full agreement regarding the serous tumors of 352 (92.4%) patients. Finally, 35 patients were confirmed as having LGSC, and 346 were confirmed as having HGSC. Thus, LGSC comprised 9.2% of the SAC in our study.
The median age of the cohor t was 54 years (range, 21-86 years), 221 (58.0%) of whom had reached postmenopausal status. The patients with LGSC were 10 years younger than those with HGSC (46 versus [vs] 56 years, P=0.046). Of the patients with LGSC, 77% underwent optimal cytoreductive surgery (residual disease ,1 cm defines optimal cytoreduction); this rate was similar among those with HGSC (70%, P=0.735). Table 1 shows the baseline characteristics of these patients based on their histological subtypes.
survival analysis
After a median follow-up time of 36 (11-82) months, 313 women (82.2%) were considered to have disease progression. The Kaplan-Meier PFS curves for those with LGSC and those with HGSC are shown in Figure 2 . For patients with LGSC, 68.6% (n=24) experienced a recurrence, whereas 83.5% with HGSC (n=289) had a recurrence; this difference was significant (P=0.028). The median PFS and OS for patients with LGSC were 35.0 months (95% confidence interval [CI] 30.1-39.9) and 54.0 months (95% CI 47.2-60.8), respectively, which were longer than the survival time for those with HGSC (PFS: 16.0 months, 95% CI 15.7-16.4; P=0.003; OS: 35.0 months, 95% CI 32.2-37.8; P=0.024). A multivariate analysis was performed for the whole cohort of patients, and the result showed that, in PFS time (months) Progression-free survival (probability) Overall survival (probability)
HGSC (n=346)
LGSC (n=35) HGSC (n=346) LGSC ( Table 2) . However, the OS between these two grades pointed to a significant difference.
When stratified by the existence of residual disease, patients with LGSC who underwent cytoreductive surgery without a macroscopic residual (.1 cm) showed a significantly improved median PFS (36.0 months, 95% CI 34.8-37.2) compared with that of patients with HGSC who received optimal cytoreductive surgery (16.0 months, 95% CI 15.1-16.9; P=0.017; Figure 3A) . Conversely, patients with LGSC and those with HGSC who were left with a macroscopic residue (.1 cm) experienced a similarly worse median PFS (LGSC: 10.0 months, 95% CI 6.6-13.4; HGSC: 13.0 months, 95% CI 11.9-14.1; P=0.871; Figure 3B ). In the OS analysis, although the difference was not significant, the patients with LGSC who underwent optimal cytoreductive surgery appeared to be associated with better OS compared with that for patients with HGSC (LGSC: 56.0 months, 95% CI 52.3-59.7; HGSC: 44.0 months, 95% CI 39.2-48.8; P=0.068; Figure 3C ). No OS difference between LGSC and HGSC was observed among patients with residual disease greater than 1.0 cm (LGSC: 30.0 months, 95% CI 17.5-42.5; HGSC: 28.0 months, 95% CI 25.4-30.6; P=0.500; Figure 3D ).
Then, we performed a univariate analysis to explore the prognostic factors for PFS and OS for the LGSC and HGSC subgroups. In these two groups, FIGO stage and residual disease were significant prognostic factors for PFS and OS, and peritoneal cytology was a significant prognostic factor for PFS. Moreover, tumor size was an influential factor for the HGSC group (Table 3) . After multivariate analysis of these factors was performed, however, only the FIGO stage and residual disease were significant prognostic factors (Table 4) . When early stage (I-II) patients were used as the reference, the adjusted HR for disease progression and death among patients with advanced stage (III-IV) Figure 3 Comparison of progression-free and overall survival in patients stratified by tumor grade and residual disease. Notes: Progression-free curves in patients with optimal cytoreductive surgery (A), and in patients with suboptimal cytoreductive surgery (B); overall survival curves in patients with optimal cytoreductive surgery (C), and in patients with suboptimal cytoreductive surgery (D). Abbreviations: lgsc, low-grade serous carcinoma; hgsc, high-grade serous carcinoma; PFs, progression-free survival; Os, overall survival. Table 3 Univariate regression analysis of progression-free survival and overall survival among patients with low-grade and high-grade serous carcinoma
OS time (months)
Prognostic factors
LGSC HGSC 
Median PFS, months
P-value
Discussion
Ovarian LGSC is a rarer disease than high-grade carcinoma, but its biological behavior has not been clarified yet. In this study, we used the MDACC two-tier system to retrospectively analyze a large ovarian cancer population to investigate the prognostic and clinical implication of LGSC. Our study demonstrates that patients with lowgrade serous ovarian cancer had a significantly younger age at diagnosis (46 vs 56 years, P=0.046) and that the histological grade was a significant prognostic factor for PFS but not for OS (P=0.021 and P=0.0566, respectively).
Patients with low-grade and high-grade carcinoma who were left with macroscopic residual (.1 cm) experienced a similar median PFS (10.0 and 13.0 months, respectively,
P=0.871).
This result indicates the existence of chemoresistance with LGSC. Additionally, FIGO stage and residual disease were significant prognostic factors for PFS and OS in low-grade carcinoma, while positive ascites was associated with worse PFS. The incidence of high-grade disease was greater than that of low-grade disease among patients of all ages. 13 LGSC is relatively rare, accounts for only 2%-10% of all serous ovarian carcinomas, and is observed less frequently in Asia. [14] [15] [16] The LGSC prevalence was 9.2% in our study. LGSC usually occurs among younger women, which suggests that different clinical courses should be taken for patients with low-grade vs those with high-grade disease. 13 Data from the Gynecologic Oncology Group (GOG) 182 demonstrated that the mean age of patients with LGSC was 56.6 years, whereas those with HGSC was 59.3 years old. 17 The median ages of the LGSC and HGSC groups in our cohort were 46 and 56 years old, respectively, which is younger than the GOG 182 ages but similar to those measured by Schlumbrecht et al (44.9 years old) and Gershenson et al (43 years old). 18, 19 Although LGSC likely originates from precursor lesions in a slow stepwise fashion, 20 the early-stage cases of LGSC were no more common than those of HGSC in our study (22% vs 26%), which is consistent with previous studies reporting percentages of LGSC 
Prognostic factors
LGSC HGSC PFS HR (95% CI) ranging from zero to 33%. 18, 21, 22 The reason for this result might be the lack of symptoms or signs at presentation and the failure of early detection.
Recently, many publications have supported the hypothesis that LGSC is a different entity from HGSC. LGSC likely arises from the ovarian surface epithelium, whereas HGSC arises from the fallopian tube epithelium in the majority of cases, resulting in different biological behaviors and prognoses. 23 LGSCs are slow-growing tumors, as evidenced by their low mitotic figure content. 24 O'Neill et al found that LGSC had a significantly lower frequency of expression of oncogenes, such as MIB1, BCL2, C-KIT, and HER2/ neu, than that of HGSCs, resulting in an indolent clinical course. 25 For our cohort, we observed that the LGSC group had a better survival than that of the HGSC group and that the histological grade was a prognostic factor for PFS.
LGSC was associated with better OS, although this difference in the multivariate analysis was not statistically significant (P=0.056), most likely due to the small sample size for LGSC. The survival advantage of LGSC has been discussed in previous studies. Bodurka et al analyzed data from GOG 158 that included 21 patients with LGSC and 220 patients with HGSC. 26 Women with low-grade tumors had significantly longer median PFS values than those with high-grade carcinomas (45.0 vs 19.8 months; P,0.001). Ali et al found that LGSC showed a protracted course, but its overall disease-specific survival rate was equivalent to HGSC (4.77 vs 3.94 years, P=0.56). 22 Another study conducted at MDACC enrolled 50 patients with LGSC and 50 with HGSC. The median OS for patients with LGSC and HGSC was strikingly different (OS 4.2 vs 1.7 years, P=0.0401).
11 Their study group was preferentially enriched with low-grade tumors at a 50/50 grade distribution, making it easier to reach a statistically significant difference. Importantly, certain studies have argued that the better outcomes associated with LGSC are attributable to its intrinsic biology that might allow for easier removal of the tumors; 27, 28 however, the rates of optimal cytoreductive surgery between LGSC and HGSC did not differ according to our data (70% vs 77%, P=0.691). Thus, we believe that LGSC is associated with better survival due to its less pernicious growth behavior.
With suboptimal cytoreduction surgery, however, a PFS or OS advantage was not observed for patients with LGSC compared with those with HGSC. In contrast, patients with LGSC who received an optimal operation had a much longer PFS (more than twice that of those with HGSC: 36 17 In contrast, those with grade 1 and higher-grade serous carcinoma with measurable residual disease after surgery had a similar PFS (14.11 vs 14.39 months) and OS values (42.02 vs 37.68 months). These results suggest that optimal cytoreductive surgery has a more important effect on the survival of patients with LGSC because they receive less benefit from adjuvant chemotherapy. Many retrospective studies and laboratory data have demonstrated the chemoresistant effect of LGSC. Gershenson et al reported an overall chemotherapy response rate of 3.7% among 58 patients with recurrent low-grade serous ovarian carcinoma. 29 Conversely, the response rates of taxane-platinum drug combinations among patients with HGSC ranged from 66% to 90%. 30, 31 A filtered probeset analysis demonstrated that LGSC was associated with the overexpression of KLF4 and its target CDKN1A (p21/WAF1) compared with HGSC. These proteins have both tumor suppressive and potentially oncogenic effects. 32 The key role of these proteins in the inhibition of tumor proliferation might contribute to the weaker response of patients with LGSC to standard chemotherapy. 33 Furthermore, a novel LGSC-associated gene, Clusterin (CLU) was identified as an upregulated gene in patients with LGSC. CLU encodes for a secreted protein that was previously shown to prevent paclitaxel-induced apoptosis of ovarian cancer cell lines. Secretory CLU expression was upregulated in paclitaxel-resistant ovarian cancer cells but not parental cells. Moreover, targeting CLU expression might sensitize ovarian cancer cells to paclitaxel. 34 Nevertheless, peritoneal cytology was an independent prognostic factor of shorter PFS among patients with LGSC but not those with HGSC (P=0.012 and P=0.564, respectively). Our cohort merits attention. Previous studies have demonstrated that positive peritoneal washing was associated with a poorer prognosis among patients with ovarian cancers. 35, 36 Because positive peritoneal washing suggests the existence of intra-abdominal micro-dissemination, including chemoresistant clones, these results again imply that LGSC is relatively insensitive to conventional platinum-taxane regimens.
The weaknesses of the current study include the fact that the data were retrospectively collected, and selection bias was unavoidable. The study's strengths include the fact that our tumor specimens had undergone a pathology review using the MDACC 2-tier system and study participants received homogeneous adjuvant chemotherapies.
In conclusion, ovarian LGSC is a relatively rare disease that occurs at a younger age than the age for HGSC. The overall PFS rate of LGSC is better than that of its high-grade counterpart. However, the risk for progression among women who are left with gross residual disease after primary cytoreductive surgery is identical to that of those with HGSC. Given the chemoresistance of LGSC to conventional platinum-taxane regimens, primary cytoreductive surgery among women with LGSC is important. Future studies should explore potentially active cytotoxic effects and target drugs.
